A.M. Albano et al. Phys. Rev. B 30, 2334 (1984 We investigate proton spin-lattice relaxation in two powdered organic molecular sohds with reorienting methyl (CH3) and tert-butyl [C(CH3)3] groups: 3,5-di-tert-butylphenol (DTBP) and 1,3,5-tri-tert-butylbenzene (TTBZ). The temperature and Larmor frequency dependence of the relaxation rate is considerably more complicated than would be expected on the basis of random reorientations of the CH3 and C(CH3)3 groups. The spectral densities describing the relaxation are broader, and show more structure, than those customarily used to interpret relaxation data. Assuming that the spectral densities may be expressed as linear superpositions of Lorentzians, we are able to obtain a single, nonexponential correlation function which leads to satisfactory fits of the data. Assuming also the validity of the Arrhenius relation,~=~"exp(E/kT), with a constant w", we find that the barriers to rotation for the CH3 and C(CH3)3 groups may be characterized by a distribution of activation energies consisting of a wide background and one (DTBP) or two (TTBZ) 5 functions.
INTRODUCTION
Molecular reorientation is characterized by a spectral density function J(co,r), where co is a frequency characteristic of the measuring apparatus and w is a correlation time which characterizes the molecular motion. A detailed understanding of motional processes is a difficult problem because experiments rarely yield sufficient information to test realistic models of the dynamics. Nuclear magnetic resonance and, in particular, nuclear-spin relaxation is one of the best techniques to study these processes. It allows an investigation of motions in the vicinity of co-r ' for some diffusional processes, some anisotropic whole molecule reorientational processes, and most types of intrarnolecular reorientations. In this case, co=@8 is the nuclear Larmor angular frequency where y is the magnetogyric ratio of the nucleus under investigation and B is the applied magnetic induction. ' The frequencyw hich characterizes the molecular motion, can be varied by changing the temperature T. This is less direct than varying co since it involves assumptions about the relationship between r and T. Although (TTBZ) and (b) 3, 5-di-tert-butylphenol-QD (DTBP). study these motions is that the region co-r is difficult to probe since the short correlation-time limit usually dominates (co ((r ').
We have been investigating this molecular dynamics problem by working in solids whose structure is sufficiently simple to allow only certain limited well-defined motions to occur. To be more precise, we have concentrated on proton nuclear-spin relaxation in a series of organic molecules containing tert-butyl groups on a benzene ring.
Two examples which are discussed in this paper are shown in Fig. 1 proach. This study suggests that the cutoffs and the spikes are important parameters in I (E), but the sensitivity of R versus T to the detailed form of I'(E) between the cutoffs is less pronounced.
